Background: We examined the referral rates and costs of our modified two-step newborn hearing screening program for "low-risk" infants at our hospital from 2004 to 2013.
Introduction
Undetected congenital permanent hearing loss impairs development in infants by diminishing their ability to acquire language and cognitive skills at an appropriate age [1] . Current estimates have been reported to be that one to six per 1,000 infants are born with significant permanent hearing loss [1, 2] . Universal newborn hearing screening (UNHS) is an effective way of identifying hearing loss in newborn, and in conjunction with initiation of appropriate intervention within 6 months of diagnosis of hearing loss in infants, it is shown to result in the development of significantly better language abilities, compared with infants identified with hearing loss later on in life [1] [2] [3] [4] [5] . Therefore, UNHS programs are now accepted worldwide to be beneficial to prevent the delay in speech-language development. For example, 90% of all newborns in the United States have been reported to be screened for hearing loss before they leave the hospital [3] .
Based on the principles and guidelines for early hearing detection and intervention programs in the United States [3, 4] , for example, newborns in alternative birthing facilities, including home births, have access to and are referred for screening before 1 month of age as UNHS programs. All infants who do not pass the birth admission screen and any subsequent rescreening begin appropriate audiologic and medical evaluations to confirm the presence of hearing loss before 3 months of age. All infants with confirmed permanent hearing loss receive services before 6 months of age.
There have been three commonly used protocols available for UNHS programs: 1) otoacoustic emissions (OAE); 2) automated auditory brainstem response (AABR); and (3) a "two-step" program in which infants are first screened with OAE, followed by an AABR screen for those infants who do not pass the OAE screen [6] . Table 1 shows the differences among OAE, AABR and auditory brainstem response (ABR) as a newborn hearing screening test (JP¥ 100 = US$ 1). The referral rate of screening with AABR is lower than that of OAE; however, the screening with AABR is costly [7] . Although the screening with ABR has low referral rates and low costs, it takes about 30 min for one screening. These differences in referral rates and/or costs of UNHS are very important because there are no or few public contributions to the UNHS programs in most areas of Japan [8] . Although Japan might be a wealthy country, Katsushika area in Tokyo is not wealthy. Based on these backgrounds, we examined the referral rates and costs of our modified two-step newborn hearing screening program for "low-risk" infants at our institute, one of main perinatal centers in Katsushika area, Tokyo, Japan (1,900 -2,000 deliveries per year). This incorporated two additional/optional OAE tests. Infants not passing OAE tests were referred to the next screening test with ABR.
Methods
We examined the "low-risk" infants who were born in Japanese Red Cross Katsushika Maternity Hospital from 2004 to 2013. At our hospital, all mothers were informed of the role and significance of newborn hearing screening before birth. All examinations were performed by one experienced examiner (M.S.). Every family incurred JP¥ 3,000 as the cost of newborn hearing screening tests, irrespective of presence or absence of risk factors of hearing loss. After obtaining the family's consents, infants who had risk factors of hearing loss based on the Position Statements from the Joint Committee on Infant Hearing [3, 4, 9] were screened with an Neuropack μ ® , an ABR sensor before they left the hospital as "high-risk" newborns. Infants who did not pass the ABR were referred to the specialists of hearing loss.
On the other hand, "low-risk" newborns were screened with an Echo-Screen ® , a transiently evoked OAE (TEO-AE) sensor after obtaining the family's consents. The first screening test with the TEOAE was performed on days 2 -4 postpartum. No additional testing was done with infants who passed the TEOAE, but infants who failed the TEOAE were examined with TEOAE again 1 -5 days after the first screening (before they left the hospital). Infants who failed the second TEOAE were screened with the third TEOAE at 1 month after delivery. Infants who failed the third OAE were examined with ABR at 1 -2 weeks after the third OAE. The infants who did not pass the ABR were referred to the specialists of hearing loss before 3 months of age.
In this study, we calculated the referral rates, false positive rates and costs of our modified two-step newborn hearing screening program. rate was 0.15% (28/19,199, eight males and 20 females). Of the 28 cases, 19 cases (0.10% of the total examined, five males and 14 females) had unilateral REFER and nine cases (0.047% of the total examined, three males and six females) had bilateral REFER. Of these, three cases were missing, seven cases shown in Table 3 (0.036% of the total examined, two males and five females) were diagnosed as severe bilateral hearing loss requiring early treatment and one case (0.0052% of the total examined, one female) was diagnosed as moderate bilateral hearing loss requiring follow-up. While, ten cases (0.052% of the total examined, three males and seven females) were diagnosed as unilateral hearing loss requiring follow-up. Thus, the false positive rate in our programs was 28%. During the study period, the total costs for consumables for our two-step program with ABR following repeat OAE were JP¥ 3,213,150 (OAE, JP¥ 1,500,000 × 10/6 plus 160 × 19,199 + 750 + 128 times; ABR, JP¥ 2,635,000 × 10/6 plus 10 × 83 times). Thus, the total cost for our program was JP¥ 10,104,816. It is estimated that it took JP¥ 53,497,500 if the program was running with only AABR (JP¥ 3,300,000 × 10/6 plus 2,500 × 19,199 times). Therefore, the costs for each newborn hearing screening by our program vs. AABR program were JP¥ 526 vs. 2,786.
Results

Discussion
UNHS is considered beneficial and is accepted worldwide. However, we also know that some problems remain, and the administrative systematization has yet to be established in Japan [7, 8, 10] . Early public support is also required for infants with either severe to profound or moderate hearing loss. Although the screening should be performed within the first 3 months of infant's life, it is considered that the UNHS protocol considering the timing of screening needs further discussion from the viewpoint of test conditions and puerperal parental psychological problems [7, 8, 10] .
To date, some examinations have been performed to compare the initial referral rate, the accurate identification rate of congenital hearing loss, and the cost between onestep with OAE, two-step with OAE and AABR and one-step with AABR in newborn hearing screening program [11, 12] . In an earlier study by Lin et al [11] , the total costs, including expenditures and intangible costs, have been observed to be much lower in the protocol with AABR due to reduction in false positives. However, we believe that our current program with ABR following repeat OAE could reduce the costs in newborn hearing screening program further due to reduction in false positive rate as same as the protocol with AABR for low-risk newborns previously reported (0.49%) [7] . In addition, it is supposed that the current program is a very effective method in the poverty areas in Japan without public expenditures for newborn hearing screening, although both the description of the protocol to the mother and the execution of the programs need hard working.
At last, we have to concern the possibility of few cases with AABR fail/OAE pass such as auditory neuropathy [7, 13] . Although the cases have been observed to be associated with severe asphyxia, hyperbilirubinemia and cytomegalovirus infection, the pathophysiology of the cases is not well established [7] . Therefore, the follow-up of hearing of all newborns should be needed in the routine health care.
In conclusions, our modified two-step newborn hearing screening program for "low-risk" infants at our institute seemed to be beneficial concerning their referral rates and costs.
